Abstract-In this paper, I studied on the influence of some point mutations of green fluorescent protein (GFP) gene on expression efficiency in Escherichia coli (E. coli). It was found that some mutant genes of GFP had influenced on the expression efficiency of GFP gene. In this paper, I acquired six GFP mutants (A402G, A675C, A462G, A88G, T357C, A443G), compared the differences among the six mutant sites, and discussed the relationship between the mutant gene and protein expression efficiency. It was found that A443G had the lowest relative fluorescence intensity (0.04 fold), and A88G had the lower relative fluorescence intensity (0.16 fold), A402G had the higher relative fluorescence intensity (1.2 fold), against wildtype of GFP. I hope that the findings, which may be applicable to genetic engineering, will be helpful for further studies of protein expression.
Manuscript received April 15, 2015 some mutants have many useful applications, such as real-time detection, no disruption or toxicity to the host cells, no requirement for cofactors, and feasibility of fusion with the target proteins, have become one of the most used fluorescent probes in cell biology and molecular biology [15] [16] [17] .
The research about GFP and its some mutants has always been concerned. People had found mutant was a good way, seven strategies were used to generate mutations in GFP [18] , a library had been constructed in E. coli of mutant GFP genes [15] . A new method had been developed to determine the mutagenic efficacy of a suspected mutagen by employing GFP as a direct biosensor for mutation detection [19] . A new strategy of molecular evolution aimed at generating a red-emitting mutant of GFP had been used and had succeeded in producing the first GFP mutant that substantially matures to the red-emitting state with excitation and emission maxima at 555 and 585 nm, respectively [20] .
Extensive efforts had been applied to create GFP variants. As a result, blue and cyan mutants with Tyr66 substituted with Phe, His, or Trp were generated. Also, it was demonstrated that certain point mutations can strongly influence a proportion of neutral / anionic chromophore [20] [21] [22] . Two plasmid vectors had been constructed for the expression of the synthetic SGFP-TYG gene in ascomycete species, indicating that SGFP-TYG can be used as a highly effective vital marker in ascomycetes [23] .
Relative to the wildtype of GFP, Emerald GFP was originally reported to have 5 amino acid changes (S65T, S72A, N149K, M163T, and I167T) [24] . Point mutations have been inserted, which resulted in much faster chromophore formation and up to a 100-fold increase in the fluorescence of the produced protein [22] , [25] , [26] .
To research the properties of the mutations could be helpful for understanding the mechanism of mutant sites and finding the phenomenon in my favor. Compared to the newly discovered mutants, the previously characterized mutants GFP-S65T and GFP-Y66H had been employed [27] . Many properties relevant to quantitative imaging in living cells of wildtype, AlphaGFP (F99S/M153T/V163A), S65T, EGFP (F64L / S65T) , EBFP (F64L /S65T / Y66H / Y145F) had been investigated. The five GFP variants had been used extensively or are potentially useful [28] .
This study was based on the point mutation. During our former research, my collaborators and I inserted 64 kinds of last sense codons (i.e., the codon preceding the stop codon) at the 5' end of the stop codon of the GFP gene and studied on influence of last sense codon on expression in E. coli [29] . In the process, I had acquired twenty mutant recombinant GFP genes. Among them, one special variant GFP(ACC) was found, whose inserted last sense codon was ACC, had three
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International Journal of Chemical Engineering and Applications, Vol. 7, No. 4, August 2016 mutant sites, 56, 357 and 443 of the GFP gene. E. coli having this vector indicated 0.1 fold of fluorescence intensity against wildtype of GFP. From this variant, T357C and A443G were acquired, both of which had one mutant site only, without inserted last sense codon, whose fluorescence intensities were 1.01 fold and 0.04 fold, respectively.
II. MATERIALS AND METHODS
A. Constructions of Plasmid and Cloning Vectors
During our former researches, I had acquired twenty mutant recombinant GFP genes. Among these recombinant GFP genes, the GFP genes with special features were selected, such as had the higher or lower fluorescence intensity, easy to get and only had one mutant site. pKK223-3 was used for the expression vector in this study. In order to research the relationship between mutant gene and the protein expression efficiency, polymerase chain reaction (PCR) was used for removing these last sense codons of the modified GFP genes. PCR was performed at 94 °C for 10 min, followed by 25 cycles of 94 °C for 45 s, 48 °C for 1 min and 68 °C for 45 s. After PCR, the plasmids were constructed by introduction of the modified GFP genes into expression vector. E. coli JM109 was transformed with the ligation mixture, the resulting clones were analyzed by sequencing. Primers (PCR) were purchased from Sigma-Aldrich (Tokyo, Japan). Restriction enzymes (EcoRI, HindIII, HpaI, PmaCI), a PCR amplification kit and T4 DNA ligase were purchased from TaKaRa (Otsu, Japan).
The mutant sites of T357C and A445G were so special that the constructions were different from the other mutations. The restriction enzymes (PmaCI and HindIII) were used to digest the wildtype of GFP and created T357C. Latter the restriction enzymes (EcoRI and HpaI) were used to digest the wildtype of GFP and created A443G. The used primers were seen below:
When the relationship between mutant gene and protein synthesis efficiency was researched, apart from T357C and A443G, there were some other common mutant GFP genes, in order to remove the last sense codons and get the mutant GFP genes (A402G, A675C, A462G, A88G) with only one mutant site respectively, the primers (EcoRI and HindIII) below were used:
GFP EcoRI Primer (5'Primer):
GFP HindIII New Primer (3'Primer): 5'-CTCTAAGCTTTTATTTGTATAGTTCATCCA-3' B. Measurement of GFP Relative Fluorescence Intensity in E. coli GFP-fusion fluorescence intensity was an excellent indicator of over-expression potential [30] . Because fluorescence was one of the most convenient ways to follow a protein expression and purification procedure [31] , so the fluorescence intensity was used to analyze the expression efficiency of proteins. The cells were cultivated in LB medium supplemented with 0.1 mg / mL ampicillin and 40 µM isopropyl-β-D-thiogalactopyranoside (IPTG) at 37 °C for 18 h [32] . The culture of E. coli was measured its absorbance at 600 nm, and the fluorescence intensity at 508 nm was excited at 396 nm of the same culture and measured 3 times by the Gemini fluorescence microplate reader (Nihon Molecular Devise). The expression efficiency of GFP gene was compared as the value of the fluorescence intensity / the absorbance at 600 nm.
C. SDS-PAGE Analysis of Extracts of E. coli Having Mutant Site of GFP Gene
After the fluorescence intensities of acquired mutations were known, the mutant genes were expressed in the proteins, compared the quantities of proteins, and analyzed the influences of the mutant genes on protein expression. In order to be easily compared, sodium dodecyl sulfate polyacrylamide gel electropheresis (SDS-PAGE) experiment was done. E .coli JM109 was transformed by the expression vector including GFP gene, and cultured in the LB medium of 20 mL under the presence of 40 µM IPTG. DNase was added into the solution and the solution was incubated at 37 °C for 1 h to remove the remained DNA of the solution. The insoluble parts were separated from the solution by centrifugation (4 °C , 13,000 rpm, 10 min) and soluble proteins were analyzed by SDS-PAGE. Fig. 1 , it was seen that GFP(ACC) had three mutant sites. By the study, due to the experimental conditions and operational constraints, I was failure to acquire the first mutant site GFP(ACC-M1), finally the second mutant site (T357C) and the third mutant site (A443G) were acquired. CACGTG was the recognition site of primer PmaCI, GTTAAC was the recognition site of primer HpaI. The digested sites of EcoRI and HindIII were located in the 5' and 3' side of GFP gene. From Fig. 2 , it was seen that the enzymes PmaCI and HindIII were used to digest wildtype of GFP to acquire the expression vector which had the PmaCI and HindIII digested sites, the primer PmaCI which had one mutant site and primer HindIII were used to acquire the GFP gene of T357C by PCR. After ligation, T357C was acquired, without last sense codon, but with only one mutant site. Similarly, the enzymes EcoRI and HpaI were used to digest wildtype to acquire the expression vector which had the EcoRI and HpaI digested sites, the primer HpaI which had one mutant site and primer EcoRI were used to acquire the GFP gene of A443G by PCR. After ligation, A443G was acquired (see Fig. 3 ). Compared to T357C and A443G, the acquisition method of A402G, A675C, A462G, A88G was different, because A402G, A675C, A462G and A88G came from different last sense codons and T357C and A443G came from GFP(ACC).
From Fig. 4 , it was seen that the enzymes EcoRI and HindIII were used to digest the pKK223-3 to acquire the expression vector which was different from the expression vector (wildtype of GFP) of T357C and A443G. The primers EcoRI and HindIII were used to acquire the common GFP gene fragment by PCR. After ligation, A402G, A675C, A462G, A88G were acquired respectively.
In this study, these mutant genes A402G, A675C, A462G, A88G, T357C, and A443G were acquired (see Table I ). From Table I , it was seen that each mutant GFP gene had only one mutant site. For now, getting the variant with a single mutant site was more easier to compare the impact of mutant site on protein expression efficiency than getting the variant with two and more mutant sites. As shown in Table I , for A402G, the normal nucleotide on the gene site 402 was GGA, after been mutated, the nucleotide was changed from GGA to GGG. The amino acids on this position were both Glycine and were not substituted. The representation of other mutant GFP genes was similar with A402G, but for A88G and A443G, the amino acid was substituted from Serine to Glycine in A88G, the amino acid of A443G was substituted from Histidine to Arginine in A443G, respectively. As the result, six kinds of GFP mutants with only one mutant site were acquired and the fact that some mutant sites had affected on the protein expression efficiency by Applications, Vol. 7, No. 4, August 2016 measuring the relative fluorescence intensity was tested (see Fig. 5 ). The expression efficiency of GFP gene was compared as the value of the relative fluorescence intensity / the absorbance at 600 nm normalized with that of the wildtype of GFP gene.
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From our former results of the relative fluorescence intensities, it was seen that the fluorescence intensity of GFP(ACC) was 0.1 fold; GFP(A56T, T357C, A443G) was made by removing the last sense codon of GFP(ACC) by PCR, whose fluorescence intensity was also 0.1 fold, from the results of relative fluorescence intensity in this study, it was seen that T357C was 1.01 fold, A443G was 0.04 fold against wildtype, next I put these GFP genes do the SDS-PAGE experiment. When compared the band around 27 kDa, size marker was used to be referenced, it was seen that the bands of wildtype and T357C were the thickest, the bands of GFP(ACC), GFP(A56T, T357C, A443G), and A443G were the thinnest. The results of SDS-PAGE were the same with the results of fluorescence intensity (see Fig. 5 ). SDS-PAGE confirmed that the relative fluorescence intensity was associated with the quantity of synthesized protein (see Fig. 6 ). Based on the above results, it was learned that there were some differences in the expression efficiency among six kinds of GFP mutations and we could compare and analyze the reasons behind the phenomenon. It had shown that the A443G had the lowest relative fluorescence intensity (0.04 fold), and A88G had the lower relative fluorescence intensity (0.16 fold), it meaned that when the nucleotide was changed from A to G on the gene site 443, the relative fluorescence intensity was the lowest. Similarly when the nucleotide was changed from A to G on the gene site 88, the relative fluorescence intensity would be decreased to 0.16 fold against wildtype of GFP and acquired the lower expression efficiency. On the contrary, for the A402G, even the amino acid was not substituted, when the nucleotide was changed from A to G on the gene site 402, the relative fluorescence intensity was increased to 1.2 fold. That meaned that some special mutations could control the increase and decrease of the protein expression efficiency. In the future research, it is expected to find more mutant sites, especially some other important gene sites, finally achieve that the protein could be expressed by artificial control. June 7, 1980 . He is a teacher of University of Science and Technology Liaoning, China. Since 2012, he is an exchange PhD student, and now has studied in Saitama Institute of Technology, Japan. The major field of his study includes genetic microorganisms, life sciences areas. In particular, some researches about gene sequence changes and expression of green fluorescent protein, etc.
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